Most spinal cord injury (SCI) men have fertility problems caused by anejacula tion and a decreased fertility of the ejaculate. There are several methods to induce ejaculation, such as vibratory stimulation and transrectal electrostimula tion. In order to investigate the current state of knowledge about the effective ness of vibratory stimulation and to prepare a controlled clinical trial we reviewed the available literature. Ten articles met our inclusion criteria. Articles were found by various strategies, such as computer searches and screening of relevant journals. We used a structured approach to evaluate these articles. In total 428 patients had been treated with vibration. Sixty percent (257) of the patients responded to treatment, ie produced ejaculate. Because of methodo logical shortcomings in most studies it remains unclear whether there is a relationship between injury type, such as level and completeness of the injury, and the response rate. Semen analyses showed a large intersubject variation. From the data available. it could be concluded that the semen volume is usually normal, whereas sperm motility and morphology of spermatozoa were in most cases far from normal. Side effects of vibratory stimulation were reported in 6% of the patients.
Introduction
In the Netherlands, each year 400 people sustain a spinal cord injury (SCI) caused by accident. Beside other problems, most of these mainly young men are confronted with fertility problems. One of the main causes of infertility in these men concerns anejacula tion, which happens to nearly 85% of them. 1-3 In addition, the ejaculate has a decreased fertility. Only 13 % of the SCI men have a sperm concentration of more than 20 x 106 spermatozoa per millimetre ejaculate. Furthermore. sperm motility lies far below the desirable level of 60%. These levels are still used as criteria for normality;1 although there is evidence that the semen quality of men without a history of infertility has declined during the past 50 years.s Factors attributed to poor quality of the ejaculate include, among other things, stasis of prostatic fluid, testicular hyperthermia, recurrent urinary tract infections and vari ous medications. such as antibiotics. 6 In recent years, several methods have been used to induce ejaculation, such as application of a vibrator to the penis, transrectal electrostimulation, direct stimu lation of the hypogastric nerve, direct as piration of sperm from the vas deferens, and other methods. Treatment of anejaculation and infertility is indicated if SCI men are interested in determining their fertility status or desire fathering a child.
Ejaculation consists of two separate phases.
(1) The emission phase includes sperm transport from the testicles to the seminal vesicle, exudation of seminal tluid from the seminal vesicles and the prostate and closure of the bladder neck (preventing retrograde ejaculation). The sympathetic innervation (T12-L2) is responsible for the contraction of these organs and emission.
(2) The ejaculation phase includes opening of the external prostatic sphincter and con traction of the smooth muscles of the urethra and the skeletal muscles of the pelvis (ischiocavernosus and bulbocaver nosus), to propel the seminal tluid through the urethra. The ejaculation phase is con trolled by parasympathetic and somatic nerves S2-S4.7 Depending on the level and completeness of the spinal cord injury this process is more or less impaired.
By applying a vibrator to the shaft of the penis some spinal injured men are able to ejaculate. Vibratory stimulation causes a retlex ejaculation starting with transmission of afferent nerve stimuli via the pudendal nerve from the penile shaft to nuclei in the spinal cord. Vibratory stimulation is a sim ple, safe, noninvasive and painless method of treatment. Furthermore, vibratory stimu lation offers the distinct advantage of being adaptable for home use, without the inter vention of a physician. Thus most treatment programmes start with vibration.8 -1 3
If SCI patients fail to respond to vibra tion, treatment has usually been continued with transrectal electrostimulation.�·II. 1 3-1:i There are two well described methods, namely transrectal electrostimulation as described by Brindley, 16 and the method developed by Seager.2 The mechan ism of both of these methods is different. Brindley stimulates the pudendal nerve, whereas Seager stimulates the pelvic muscles. At present the efficacy of each of these methods has not been studied in randomized clinical trials. In general, the treatment of infertility of SCI men is still a matter of trial and error, mainly based on clinical experie!!ce.
In preparing a randomized clinical trial In order to investigate the current state of knowledge about the effectiveness of vibrat ory stimulation we reviewed the available literature on this topic.
Method

Literature search
Articles were eligible if they met the follow ing inclusion criteria: Articles were found by various strategies. A computer search was carried out (MED LINE for the period 1980-1992) using the key words "spinal cord injury', "infertility' and 'vibration', "vibratory stimulation' or "vibrostimulation'. In addition, a number of relevant journals were screen . ed and . refer ences in articles were exammed. Fmally, some articles were found by checking the proceedings of conferences.
Assessment of the literature
To obtain valid answers to our research questions we decided to use a structured h I· 1 7 -19 approach to evaluate t e Iterature. Table I lists the criteria we used to assess the quality of the articles selected. Inclusion . of all available studies in a review, not takmg into account the validity of the study, can introduce a substantial amount of informa tion bias. The first criterion (A) concerns the description of the treatment. Different treatment techniques, number of treatments and treatment frequency could result in different outcomes. Therefore, a detailed description is necessary. The presence of inclusion and exclusion criteria in the art icles (criterion B) was checked to assess � he consistencv of the investigator in choosmg admission � to the study. Admission criteria allow the reviewer to appraise the suitability of the input and provide some of the many instructions needed to duplicate a study. Furthermore. without defining beforehand the inclusion and exclusion criteria. there is The sample size of the study (criterion C) gives some idea about the relevance and the generalisation of the study results. Large sample sizes allow subgroup analyses, and possibly give better insight into patients who do or do not respond.
The main outcome parameters (criterion D) are the number of responders (with ante grade or retrograde ejaculation) and nonresponders, semen volume, sperm count, sperm motility, and morphology.
Characteristics of responders and, more importantly, nonresponders give .
us an id � a about the study population to be Illcluded III our randomised clinical trial (criterion E). Using this information, sample size calcul � tions and prevalence figures of SCI men III the Netherlands, the duration of the recruit ment period and related to this the d � ration of the trial can be estimated. If a ulll centre trial were to be too long, we could possibly start a multi centre trial in which the same number of patients could be recruited in a shorter period.
Beside the importance of the efficacy of a treatment, one should also be aware of adverse effects. Because vibration may have side effects leading to its nonindication, another treatment could be indicated, for instance transrectal electrostimulation. If one is aware of side effects, some could possibly be prevented; thus side effects should be reported (criterion F).
Results
Ten studies were considered for inclusion in our review. 11 .12.]5.20-26 The results of the review of these studies are presented in Tables II-V. The study by HilllO is excluded because the author did not present separate results for vibration and electroejaculation.
Procedure of vibratory stimulation
The patient is seated upright in his chair, or is placed in a supine position. 22 The upright pOSItIon turns out to be a simple physical arrangement without the danger of falling off the table when muscle spasms occur.
23.26
To induce ejaculation the vibrator is applied to the penile surface, or (the lower surface of) the glans penis. A detailed description of the treatment characteristics in each study, eg apparatus, vibration frequency, ampli tude, duration of each stimulation, and treatment frequency, is presented in Table  II . The frequency of the vibrators ranged from 60 to 120 Hz, whereas the amplitude of excursion ranged from 1.5 to 4.5 mm. Per session vibration is applied continuously or with intervals (1-3 minute pauses between the stimulations).
Study population
Most authors did not use a consistent set of criteria to demarcate the people who were eligible for admission to receive vibrostimu lation. Only in four studies some inclusion and exclusion criteria were formulated. Nevertheless, none of the authors described these criteria exhaustively (see Table III ). In total 428 patients were treated with vibration. Patients ranged in age from 16 to 45 years, and sustained their injury 18 days to 39 years previously.
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Response
Sixty percent (257) of the patients re sponded to treatment, ie produced ejacu late. Table IV and Carpenter26 treated autonomic dysre flexia prophylactically. Other side effects included painful contractions of abdominal muscles, superficial trauma to the glans resulting in bruising, bleeding or superficial ulceration.1l.2" In total. side effects were reported in 21 (5.9%) out of 357 treated patients. In three studies (with 71 treated patients) no remarks were made concerning side effects of vibratory stimulation.
15,2(),23
Also of interest is the remark by Sibsteen et al about two patients who dropped out because of impaired hand function, one patient because of repeated urinary infec tions. and one because vibration no longer resulted in ejaculations. Two others stopped after being informed about their baseline semen quality. ments obviously needed for reflex ejacu lation. Nevertheless, without describing inclusion and exclusion criteria it remains unclear whether a study population was randomly chosen with respect to this factor. Although none of the data predicted non response with absolute certainty, Szasz and Carpenter26 suggested that absent bulbo cavernosus and anal tone reflex responses (alone or together) are the most likely tests to predict nonresponse. Siosteen et al12 also suggested a relationship between the level of injury and the response rate, associating the high response rate of 91 % with the fact that the majority of their study population had cervical or high thoracic lesions. Thus lower parts of the spinal cord, necessary for seminal emission, were preserved. Because of methodological shortcomings in these studies it remains unclear whether a rela tionship between the level of injury and the response rate exists. Future well designed clinical trials should provide definite con firmation of the suggestions made by these authors. In addition, neurophysiological studies concerning conduction velocity of the dorsal penile nerves (terminal branches of the pudendal nerve), and concerning the latency of the bulbocavernosus reflex to diagnose peripheral nerve damage, espe cially in men with low SCI, might help to further understand the results of these clinical trials. For those with SCI injuries below the neurological level T5 (home) experimenta tion with vibratory stimulation for collection of semen appears to be safe. In men with lesions above the T5 level provocation of the autonomic dysreflexia could be pre vented by medication. Thus this possible side effect is not a counterindication for vibratory stimulation.
A complicating factor in the ejaculation process of men with SCI is the possibility of retrograde ejaculation. Retrograde ejacula tion may be the result of neurological or urological insufficiency. Usage of retro grade ejaculate is possible when not mixed with urine. For that purpose, the patient has to be catheterised, emptying the bladder and filling it with a special medium. After the treatment the patient, again, has to be catheterised.
What is the quality of semen produced by vibrostimulation?
Unfortunately, the semen quality was re ported only for some of the responders. In addition, the description of the results is very incomplete. From the data available, it could be concluded that the semen volume seems to be normal (:3 2 ml).4 On the other hand, sperm motility and the morphology of spermatozoa were in most cases far from normal.
Although there is a lack of knowledge about the relationship between treatment characteristics and semen quality, differ ences between the studies could be caused by differences concerning technical para meters (frequency, amplitude), duration of stimulation, site of stimulation, and treat ment schedule. However, it should be noticed that these factors do not explain the large intersubject variation found in most studies.
The results from the studies of Siosteen and Beretta gave some idea about the quality that could be obtained after re peated vibratory stimulation. 12 , 21 Thirty men, participants of a weekly vibration programme at home, were followed for 3-6 months.12.21 Only the results at the end of both trials are presented. Comparing the semen quality of the first ejaculate with the ejaculate produced after 3-6 months, both authors concluded that the semen quality improved after repeated vibrostimulation. An improvement of sperm concentration and progressive motility was evident, but the decrease of abnormal sperm morphol ogy was especially spectacular after pro longed use of the vibrator. 21 Siosteen et al12 found that total count of motile sperm, levels of fructose and acid phosphatase increased with repeated stimulations. The latter suggest improved function of the seminal vesicles and the prostate. In addi tion, the sperm penetration capacity of most men reached the normal level after the follow up period (penetration base 4.0 ± 0.7 p,m/s, normal value :3 3.8 p,m/s; penetration to p 9.1 ± 0.4 p,m/s, normal value :3 9.6 p,m/s)Y Sarkarati et ailS stated that semen ob tained during the first 6 months after injury was not of a quality consistent with success-ful fertilisation owing to poor motility. In addition, semen quality and motility were better in patients who had been injured for more than 6 months.
Elliot et al23 found that retrograde ejacu late seemed to be of a better quality than ante grade ejaculate of the same person. Further investigation of the quality of retro grade ejaculate compared to antegrade ejaculate seems necessary to verify this.
Conclusion
From all these uncontrolled clinical trials and observational studies it is very difficult to obtain a reliable assessment of the effect iveness of treatment. This may explain why the success rate ranged from 24 to 100%. Random selection of patients is needed in order to define the population to which the findings can be related. In many studies. especially from a hospital or clinic. this cannot be strictly followed. In this situation. scientific sampling from a well defined population is replaced with selection accord ing to the patients' entry sequence. Never theless, defining the inclusion and exclusion criteria beforehand is a prerequisite for validly assessing the effectiveness of a treat ment. 1 9 Properly speaking. individual case reports should be excluded from assessing the response rate, since biological variation is such that patients with the same condition almost certainly show different responses to the given treatment. Although in general the semen is quantitatively and qualitatively subnormal, it can be used for various (assisted) reproductive technologies, like artificial insemination, in vitro fertilisation and microinsemination. 28 The study by Elliot et aP gives some idea about the quality of the semen which led to a success ful pregnancy resulting from in vitro fertil isation. Furthermore. techniques selecting most viable sperm cells have been very promising and could rossibly increase the chance of conception.': " In summary. by reviewing the literature it remains unclear which SCI men respond to vibratory stimulation and which men do not and should therefore be included in a trial concerning the efficacy of rectal electro stimulation. Only a new well designed clin ical trial might yield more clarity about the efficacy of vibratory stimulation. In this trial, patients who do not respond to vibrat ory stimulation could subsequently partici pate in a randomised clinical trial concern ing the efficacy of two methods of rectal electrostimulation. Brindleyl4 as well as Sarkarati et all) showed that it is likely that SCI men who do not respond to vibratory stimulation may still respond to rectal electrostimulation.
It is very important to know which stimu lation method is most effective in treating anejaculatory SCI men. With respect to this. the comparison of vibratory stimulation with rectal electrostimulation, as well as the comparison of both methods of rectal electrostimulation with each other are of importance. Besides, basic research is needed to understand the neurophysiolo gical mechanisms involved, and to in vestigate the consequences of various stimu lation characteristics on the possibility of obtaining semen and on the semen quality.
Both clinical trials as well as basic re search are necessary to optimise the treat ment of anejaculatory men with a spinal cord injury. 
